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Clinical application of skin antisepsis using aqueous
olanexidine: a scoping review
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Abstract

Surgical site infections (SSls) and catheter-related bloodstream infections (CRBSIs) caused by bacteria from surfaces poorly disinfected
with chlorhexidine gluconate (CHG) and povidone-iodine (PVP-I) are increasing. Olanexidine gluconate (OLG) was developed in 2015 in
Japan to prevent SSI and CRBSI caused by bacteria resistant to CHG and PVP-I. This scoping review aimed to identify the knowledge
gap between what is known and what is not known about the disinfection efficacy of OLG. We searched MEDLINE through PubMed,
the Cochrane Central Register of Controlled Trials, the Cumulative Index to Nursing and Allied Health Literature (CINAHL), the Interna-
tional Clinical Trials Registry Platform search database, ClinicalTrials.gov, and the Web-based database of Japanese medical articles
for works published to July 18, 2021. Manual reference searches were also carried out. A total of 131 studies were screened. Forty-
seven studies were included in this review and classified into two major categories: studies on pharmacological effects and spectrum
(n = 29) and studies on clinical and adverse effects (n = 18). Olanexidine gluconate showed bactericidal activity against methicillin-
resistant Staphylococcus aureus and vancomycin-resistant enterococci, in addition to common Gram-positive and Gram-negative bac-
teria. In clinical settings, although there is limited evidence on SSI prevention, 1.5% OLG might be more effective than 10% PVP-l and
1% CHG in preventing SSI. However, the clinical usefulness of OLG is unclear due to the limited number of clinical studies. Also, clinical
research is limited to studies targeting SSI prevention, and there are no clinical studies on CRBSI. Further clinical studies are needed
on SSI and CRBSI prevention.

Key words: Catheter-related bloodstream infection, olanexidine, scoping review, skin antiseptic solution, surgical site infection

for Health and Clinical Excellence recommend the use of
alcohol-containing chlorhexidine gluconate (CHG).>®

INTRODUCTION

ICROORGANISMS ON THE skin surface can cause
various infections in hospital settings. Among such
infections, surgical site infection (SSI) and catheter-related
bloodstream infection (CRBSI) lead to higher mortality
rates, longer hospital stays, and higher medical costs.'™
Various disinfectants have been developed to prevent SSIs
and CRBSIs. Regarding the balance between disinfection
efficacy and adverse events, the guidelines of the Centers for
Disease Control and Prevention and the National Institute
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Chlorhexidine gluconate use is associated with a lower inci-
dence of CRBSI, when compared to the use of povidone-
iodine (PVP-I) or alcohol.” Thus, CHG is recommended for
CRBSI prevention.®™!

However, the occurrence of SSI and CRBSI caused by
bacteria on surfaces that are poorly sterilized with CHG or
PVP-I has been increasing in recent years.>'%'® Specifi-
cally, Staphylococcus aureus and Enterococcus species are
the most common causative bacteria of SSIs and
CRBSIs.'*" Clinical studies have shown that PVP-I is inef-
fective in disinfecting surfaces with enterococci, which
include vancomycin-resistant enterococci (VRE).I("17 Fur-
thermore, the studies have reported the inefficacy of CHG in
disinfecting surfaces with methicillin-resistant S. aureus
(MRSA) and VRE.'®!°

To prevent SSIs and CRBSIs caused by bacteria resistant
to CHG and PVP-I, olanexidine [1-(3,4-dichlorobenzyl)-5-
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octylbiguanide] gluconate (OLG) was developed in Japan in
2015. In vitro, OLG has a broad-spectrum, disinfecting, and
fast-acting activity against drug-resistant bacteria.”’ 2

A randomized controlled trial (RCT) comparing the activ-
ity of OLG and PVP-I showed that OLG is superior to PVI
in the prevention of SSIs.® Although some of the disinfec-
tion effects of OLG have been clarified, some aspects of the
clinical use of OLG need clarification: whether OLG is more
effective than CHG for skin disinfection, which is recom-
mended for CRBSI and SSI prevention; whether CHG is
effective in preventing non-SSI infections; and whether
OLG is more effective than other disinfectants against resis-
tant bacteria in clinical settings.

Therefore, we undertook a scoping review to clarify what
is currently known and what remains unclear about OLG’s
disinfectant activity. Specifically, we focused on two points:
OLG’s pharmacological effect, including its spectrum and
associated adverse events; and its clinical effects, including
prevention of SSI and CRBSI. The results were summarized
separately for each of these points.

METHODS

HE PRESENT SCOPING review included all studies

on OLG, regardless of their design. The studies
included in vitro studies of animals and humans, case
reports, observational studies, and RCTs. Conference
abstracts with unavailable full texts were excluded, due to
insufficient information for this review. We followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) Checklist.”” We searched MEDLINE through PubMed,
the Cochrane Central Register of Controlled Trials (CEN-
TRAL), the Cumulative Index to Nursing and Allied Health
Literature (CINAHL), the International Clinical Trials Reg-
istry Platform (ICTRP) search database, ClinicalTrials.gov,
and the Web-based database of Japanese medical articles
(Ichu-shi) for articles published to July 18, 2021. Manual
reference searches were also undertaken as appropriate.
When searching MEDLINE/CENTRAL/CINAHL, we used
the following search terms: “olanexidine”, “OPB-2045”
(OPB; the development code of olanexidine), “olanedine”,
and “olanexidine gluconate”. When searching Ichu-shi, the
search terms used in the MEDLINE/CENTRAL/CINAHL
search were translated into Japanese. There was no language
restriction. The extracted studies were screened indepen-
dently by two reviewers (ES and YS) to determine their eli-
gibility for inclusion. Disagreements were discussed and
resolved between the two reviewers. If the disagreement
could not be resolved, the decision was left to a third
reviewer (HY).

RESULTS

TOTAL OF 131 studies (25 from PubMed, 13 from

CENTRAL, 80 from Ichu-shi, six from CINAHL, two
from the manual reference search, and five from ICTRP/
ClinicalTrials.gov) were screened (Fig. 1, Table S1).
Twenty-nine studies were excluded during the first screening
(duplicates, 11; unavailable full text, 18). In the second
screening that entailed a review of full texts, 50 studies were
excluded: four in which OLG was not mentioned and 46
conference abstracts (Table S2). Finally, 47 studies were
included in the review.

Forty-seven studies were classified into two major cate-
gories based on their focus areas: studies on pharmacologi-
cal effects and spectrum (n = 29) and studies on clinical and
adverse effects (n = 18). The studies on pharmacological
effects and spectrum were animal or in vitro studies. The
studies on clinical and adverse effects were human studies
(Table 1).

In many studies, CHG and PVP-I used were formulated
without alcohol. In studies in which CHG and PVP-I with
alcohol were used, supplementary explanations were pro-
vided.

Pharmacology
Structural formula

Olanexidine gluconate is a biguanide antiseptic solution that
was developed by Otsuka Pharmaceutical Factory, Inc. in
2015. To reduce skin irritation without decreasing its antimi-
crobial effect, the medicinal ingredient olanexidine (1-(3,4-
dichlorobenzyl)-5-octylbiguanide [OPB-2045]) is converted
to gluconate, and the solubilizer polyoxyethylene (20) poly-
oxypropylene (20) glycol (POEPOPG) is added to complete
OPB.? The chemical formula is 1-(3,4-dichlorobenzyl)-5-
octylbiguanide mono-p-gluconate®® (Fig. 2).

Mechanism of action

There were four studies on bactericidal action®>2%73° and

one on the inhibitory action of inflammatory chemokines.*'

Bactericidal action (in vitro/animal studies)

The mechanism underlying the bactericidal action of OLG
differs between low and high concentrations, although the
detailed mechanism has not been elucidated. At low concen-
trations (median effective dose [ED50], 8.4-25 pg/mL as
the lower limit; no upper limit concentration), OLG has a
higher affinity for bacterial surface proteins such as the
lipoteichoic  acid of Gram-positive bacteria and
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Fig 1. Flowchart of study screening and inclusion in the present scoping review of studies regarding the clinical application of skin
antisepsis using olanexidine. CINAHL, Cumulative Index to Nursing and Allied Health Literature; ICTRP, International Clinical Trials Reg-

istry Platform.

lipopolysaccharide (LPS) of Gram-negative bacteria, com-
pared to CHG with an ED50 of 27-610 pg/mL.* Similarly,
for phospholipids such as lysyl-phosphatidylglycerol (L-PG)
and phosphatidylethanolamine (PE), at a concentration
higher than the minimal inhibitory concentration (0.63 pg/
mL against Gram-positive bacteria and 4.0 pg/mL against

Gram-negative bacteria), OLG had a stronger disruptive
effect than CHG on membranes containing L-PG and PE.**
These actions cause irreversible leakage of intracellular
components, which leads to a bactericidal effect.”* However,
at high concentrations (>160 pg/mL), OLG showed a bacte-
ricidal effect by aggregating bacteria through a protein
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Fig 2. Chemical structure of olanexidine.

denaturation effect®-® (with olanexidine at a concentration
of 15 000 pg/mL), which means that it has both low and
high concentration effects.

Inhibitory action of inflammatory
chemokines (in vitro)

In addition to the bactericidal effects of OLG, it is reported
that OLG has an inhibitory action on inflammatory chemo-
kines. Nii et al. administered the LPS of Porphyromonas gin-
givalis to immortalized human oral keratinocytes, which are
regarded as oral epithelial cells, and tested whether the
inflammatory cytokines produced by human oral ker-
atinocytes decreased after 0.1% OLG application. The levels
of inflammatory cytokines such as interleukin-8, chemokine
(C-C motif) ligand 20, and growth-regulated oncogene
protein-o,, which cause chronic inflammatory reactions such
as periodontitis, decreased after 0.1% OLG application. This
suggests that OLG could inhibit the inflammatory response.>'

Spectrum (in vitro)

Nine studies validated the spectrum: seven for bacteria and
fungizofzs’28 and four for viruses®*?>* Several stud-
ies?®#228 ysed the minimum bactericidal concentration
(MBC) at which bacterial growth did not occur as an indica-

tor of the bactericidal effect of skin disinfectants.

Bacteria Seyama et al. undertook a study®' to examine the
bactericidal effect of 1.5% OLG on Gram-positive cocci, includ-
ing MRSA and VRE, Gram-negative bacteria (Burkholderia
cepacia and Pseudomonas aeruginosa), and fungi. The number
of most Gram-positive cocci, including MRSA and VRE,
reduced within 15 s after 1.5% OLG application (Table 2).

For MRSA, two studies showed that 1.5% OLG was more
effective for disinfection than 0.5% CHG and 10% PVP-I
(Table 3).***° In addition, two studies’™** compared
whether the MBC of OLG, CHG, and PVP-I changed in the
presence or absence of gacA/B, which encodes a disinfectant
efflux pump thought to be responsible for methicillin resis-
tance. The researchers reported that only the MBC of OLG

remained unchanged in the presence or absence of qacA/B
(Table 3).

However, 1.5% OLG was more effective in disinfection against
VRE than 0.5% CHG and 10% PVP-1>>** Inoue et al.”* also
compared the MBC of OLG, CHG, and PVP-I against MRSA
and VRE: the MBC of OLG against MRSA and VRE was equal
to or lower than that of CHG or PVP-I (Table 3).

Regarding the bactericidal effect on resistant bacteria other
than MRSA and VRE, such as methicillin-resistant Staphy-
lococcus  epidermidis, extended-spectrum B-lactamase-
producing Klebsiella pneumoniae, and multidrug-resistant
P. aeruginosa, 1.5% OLG Kkilled these bacteria within 15 s
after 1.5% OLG application®' (Table 3). However, B. cepa-
cia was not eliminated more than 30 min after 1.5% OLG
application,?"** and the bactericidal effect of 1.5% OLG on
B. cepacia was comparable to those of CHG and PVP-I
(concentrations unknown) reported in a previous study.'?
Furthermore, 1.5% OLG had a poor bactericidal effect on
Mycobacterium, consistent with the previously reported bac-
tericidal effect of CHG (concentration unknown).?!>

Fungi Surfaces contaminated with Candida albicans and
Malassezia furfur were disinfected within 30 s after 1.5% OLG
application, whereas those contaminated with Microsporum
canis and Trichophyton rubrum were disinfected within 3 and
10 min, respectively, after 1.5% OLG application.”' However,
Aspergillus brasiliensis was not eliminated even after 10 min of
1.5% OLG application' (Table 2).

Viruses Influenza A virus, which has an envelope, was inacti-
vated by 1.5% OPB for more than 1 min after application. How-
ever, feline calicivirus, which does not have an envelope, was
not inactivated even 10 min after application.28

In addition, Imai et al.*® reported on the efficacy of OLG hand
rub against 11 genotypes of noroviruses, in which ethanol was
added to OLG (concentration unknown) for hand disinfection.
The OLG hand rub had the highest antiviral effect, when com-
pared to other agents (ethanol [pH 7], ethanol-A [pH 3], and
OLG), suggesting its potential for use as a hand sanitizer
(Table 2). Imai et al.>* also reported on the potential usage of
OLG formulations as environmental disinfectants for the control
of infections by enveloped viruses (influenza A [HIN1], human
coronavirus, feline infectious peritonitis virus, human her-
pesvirus, and respiratory syncytial virus).

Immediate and sustained bactericidal action
(in vitro/animal studies)

Four studies were identified: three on the time-to-onset of
bactericidal action®®?? and two on the duration of bacterici-
dal action.?*°

© 2022 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
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Table 2. Antimicrobial spectrum of olanexidine gluconate (OLG)

and GIV)

(comparison agents:
OLG-HR, EtOH [pH 7],
EtOH-A [pH 3], OLG,
base with OLG
removed from OLG-
HR)

First author, year Microorganism Method Time and indicator Result
Effective
Bacteria
Seyama et al. Gram-positive bacterium
20197’ Enterococcus faecalis Evaluation of Viable bacterial count 15 5:<10
Vancomycin-resistant bactericidal effect by (CFU/mL)at0's,15s, 30 5s:<10
enterococci time kill assay (<10, 30 s, and 1 min after 1 min: <10
Staphylococcus aureus detection limit) 1.5% OLG 1 min: <10
Methicillin-resistant administration
Staphylococcus aureus
Staphylococcus 15 5:<10
epidermidis 30 s: <10
Methicillin-resistant 1 min: <10
Staphylococcus
epidermidis
Gram-negative bacterium
Acinetobacter Evaluation of Viable bacterial count 15 5:<10
baumannii bactericidal effect by (CFU/mL) at0's,15s, 30 s:<10
Enterobacter cloacae time kill assay (<10, 30 s, 1 min after 1.5% 1 min: <10
Extended spectrum f- detection limit) OLG administration
lactamase producing
Klebsiella pneumoniae
Escherichia coli
Pseudomonas
aeruginosa
Multidrug-resistant
Pseudomonas
aeruginosa
Serratia marcescens
Bacteroides fragilis
Fungi
Seyama et al. Candida albicans Evaluation of Viable bacterial count 30 s: <10
2019 Malassezia furfur bactericidal effect by (CFU/mL)at0's,15s, 10 min: <10
Trichophyton rubrum time kill assay (<10, 30 s, and 1 min after 10 min: <10
Microsporum canis detection limit) 1.5% OLG 3 min: <10
administration 10 min: <10
Virus
Medical Influenza A No detailed description No detailed description Inactivation in 1 min or
package insert®® more
Imai et al. Influenza A (H1N1) Suspension test Mean log;o 1.5% OLG, OLG-HR, and
202134 (comparison agents: reduction + 95% Cl at EtOH completely
OLG-HR [1.5%], 1.5% 155,30 s, 1 min inactivated at all time
OLG, 0.5% OLG, EtOH,
0.1% benzalkonium
chloride, 0.5% CHG)
Imai et al. Norovirus (all 11 Assay logqo RNA copies Logio reduction at 30 s, 30 s: log;o reduction of
2020%3 genotypes of Gl, Gll, by RT-qPCR 1 min OLG-HR is the highest

1 min: log;o reduction of
OLG-HR is the highest

© 2022 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
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Table 2. (Continued)

First author, year

Microorganism

Method

Time and indicator

Result

Imai et al.
202134

Not effective
Bacterium
Seyama et al.
20192

Seyama et al.
2019’

Fungi
Seyama et al.
2019%'

Medical
package
insert®

Medical

package
insert®®
Virus
Medical
package
insert?®

Human coronavirus 0C43
Feline infectious
peritonitis virus

Human herpesvirus

Respiratory syncytial virus

Burkholderia cepacia

Mycobacterium
Mycobacterium
kansasii
Mycobacterium
intracellulare
Mycobacterium
fortuitum
Mycobacterium
chelonae
Mycobacterium
abscessus
Mycobacterium avium

Aspergillus brasiliensis

Microsporum canis

Feline calicivirus

Suspension test
(comparison agents:
OLG-HR [1.5%], 1.5%
OLG, 0.5% OLG, EtOH,
0.1% benzalkonium
chloride, 0.5% CHG)

Evaluation of
bactericidal effect by
time kill assay (<10,
detection limit)

Evaluation of
bactericidal effect by
time kill assay (<10,
detection limit)

Evaluation of
bactericidal effect by
time kill assay (<10,
detection limit)

No detailed description

No detailed description

No detailed description

Mean log1q
reduction & 95% Cl at
155,30 s,and 1 min

Viable bacterial count
(CFU/mL) at0 s, 15 s,
30 s, and 1 min after
1.5% OLG
administration

Viable bacterial count
(CFU/mL) at 0 s, 15 s,
30 s, 1 min, 60 min
after 1.5% OLG
administration

Viable bacterial count
(CFU/mL) at0 s, 15 s,
30 s, and 10 min
after 1.5% OLG
administration

MBC (%) at 30 min

MBC (%) at 30 min

Log1o reduction (only
mentioned at 10 min)

Viral titers after
exposure to 0.5%
OLG, 1.5% OLG, OLG-
HR, and EtOH for 15 s
were under the
quantification limits

1.5% OLG, OLG-HR, and
EtOH completely
inactivated at all time

Viral titers were under
the quantification
limits at all time

At all time points: not
killed

At all time points: not
killed

At all time points: not
killed

30 min: not killed

30 min: not killed

10 min: not killed

Note: All studies are in vitro and animal studies.
Abbreviations: CFU, colony forming unit; CHG, chlorhexidine gluconate; Cl, confidence interval; EtOH, ethanol; MBC, minimum bactericidal
concentration; OLG-HR, olanexidine gluconate/ethanol hand rub; RT-gPCR, reverse transcription—quantitative polymerase chain reaction.
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Immediate efficacy (in vitro/animal studies)

As mentioned in the section on spectrum, 1.5% OLG
showed a disinfectant effect on a wide range of bacteria
within 30 s (Tables 2 and 3). Furthermore, Nishioka et al.*>
compared the bacterial counts of MRSA, S. epidermidis,
VRE, Acinetobacter baumannii, Corynebacterium minutissi-
mum, and Cutibacterium acnes, which were problematic in
SSI, while comparing 1.5% OLG with 0.5% CHG and 10%
PVP-I. Compared to 10% PVP-I and 0.5% CHG, 1.5% OPB
showed an equivalent or greater reduction in bacterial counts
30 s after application.

Substantivity (animal studies)

Nishioka et al.?* discussed the amount of disinfectant left in
the stratum corneum after 4, 8, and 12 h of rinsing immedi-
ately after application. The concentration of 1.5% OLG left
was 2.8-4.2 times higher in the stratum corneum than that
of 1.5% CHG at all incubation times. This indicated that the
rate of washout for 1.5% OLG was lower than that for 1.5%
CHG. The proportion of bacteria after 12 h of 1.5% OLG
application was lower than that after 4 and 8 h, indicating
that the bactericidal action time was approximately 12 h.
Regarding the long action time of OLG, the reduced effec-
tiveness of disinfectants was generally attributed to sweating
and contamination with blood.>” Nakata et al.*® evaluated
the effectiveness of reducing bacteria after 10 min and 6 h
of application of 0.5% CHG, 10% PVP-I, and 1.5% OLG on
blood-contaminated monkey skin. The decrease in bacterial
count after 1.5% OLG application was higher than that after
the application of 0.5% CHG or 10% PVP-], indicating that
the decrease in bactericidal action with blood contamination
was smallest after 1.5% OLG application, compared to 0.5%
CHG and 10% PVP-L*

Pharmacokinetics (animal studies)

Thirteen studies on pharmacokinetics were identified: three
on dermal absorption,?**%3° eight on metabolism and excre-
tion, 4% and five on biogenesis.***">°

Concerning dermal absorption, Kudo et al. reported two
studies: one in which the radioactivity at the injection site
was measured at 1, 8, and 24 h after dermal administration
of biguanide '*C-labeled OLG (concentration unknown) in
rats®® and another in which the dermal absorption of 0.1%
OLG after the application was measured in intact and dam-
aged rat skin.*® Olanexidine gluconate remained in the skin
and was poorly absorbed in both studies. Regarding repro-
duction and development, Fujio et al. and Takenaka
et al.***">% carried out animal experiments on rats and

rabbits. Parental animals treated subcutaneously with
0.04%-0.0004% OLG showed no effect of the drug applica-
tion on the estrus cycle of female rats, fertilization rate, nurs-
ery condition of mothers after birth, and all cycles up to fetal
development.

Clinical setting

Considering that the balance between the benefits and disad-
vantages is important for clinical adaptation, we provide a
description of the efficacy and safety.

Efficacy
Normal skin

Three studies were undertaken on normal skin.’'>* Two of
the studies were RCTs. Two studies included adults, and one
study included children. One study compared 1.5% OLG,
0.5% CHG, and placebo.’" One study compared OLG with
CHG; the concentration of OLG ranged from 0.02% to
0.2%, and that of CHG ranged from 0.05% to 0.5%.>> One
study determined the efficacy of OLG (concentration
unknown) without a comparator’' (Table 4).

In an RCT that assessed the efficacy of 1.5% OLG on nor-
mal skin,”* OLG showed a significant reduction in bacterial
counts after 10 min of application on both the abdomen and
groin, compared to placebo. Furthermore, 1.5% OLG was
not inferior to 0.5% CHG. Obatake et al.”! collected samples
from the skin (groin and umbilicus) both before and after
disinfection with OLG (concentration unknown) and com-
pared the presence or absence of bacteria. It was reported
that OLG had a good bactericidal effect on both the groin
and umbilical areas; however, specific data were unavail-
able. In a comparison of the number of viable bacteria before
and after disinfection with various concentrations of OLG
and CHG,> both after 30 s and 3 min of disinfectant appli-
cation, the exponential reduction in total viable bacterial
counts was higher in the OLG groups than in the CHG
groups at all concentrations.

Wounded skin

One study>* evaluated wounded skin. The study population
consisted of 50 adult inpatients who underwent clean or
semiclean surgical procedures (Table 4). The researchers
applied 0.05% OLG to surgically sutured wounds on postop-
erative days 3, 7, and 14. No antiseptics were used for com-
parison. The efficacy rate determined by infection
prevention and disinfection efficacy was 59.6% (95% confi-
dence interval, 44.4-73.6). The efficacy was adjudged com-
prehensively based on progress after application and was not
described in detail.
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Table 4. Effect of olanexidine gluconate (OLG) on normal skin and wounded skin

First author, year  Design

Object

Intervention

Comparison

Efficacy

Effect of OLG on normal skin
Harihara et al. RCT
2015°2

Obatake et al. Not
2020°" mentioned

Nagai et al. RCT
2000

Adults; region:
abdomen,
groin

Children;
region:
umbilicus,
groin

Adults; region:
back

1.5% OLG
237 cases

OLG (concentration

unknown), 20 cases

OLG (concentration:
0.02%, 0.05%, 0.1%,
and 0.2%) Total 30
cases

Placebo 119 cases

0.5% CHG
236 cases

None

CHG (concentration:

0.05% and 0.5%)
Total 30 cases

Item: bacteria count
after 10 min of
application

Result: (OLG vs.
placebo)

1.5% OLG < placebo

(OLG vs. CHG)

1.5% OLG is
noninferior to 0.5%
CHG

Item: disinfection
effect after 10 min
of application

Result: good
bactericidal effect

Item: exponential
reduction value of
total viable
bacteria before

and after
application
Result: 30 s after
application
CHG (0.05%,
0.5%) < OLG
(0.05%, 0.1%, 0.2%)
3 min after
application
CHG (0.05%) < OLG
(0.1%, 0.2%)
Effect of OLG on wounded skin

Kobayashi Not Adults; sutured  0.05% OLG None Item: wound infection
et al. 2000 mentioned skin wound 50 cases prevention and

after disinfection effects
surgical Application period: Result: 59.6%
operation immediately after

suture and

postoperative days 3,

7,and 14

Note: All studies are in vivo and human studies.
Abbreviation: RCT, randomized controlled trial.

observational studies. One study included children, and the
remaining four studies included adults. One study compared
OLG, PVP-L, and CHG, two studies compared OLG to
PVP-L,?*%¢ and one study had no comparator.’® One study

Prevention of SSI

Five studies evaluated the effect on SSI prevention.®>°~®

Two studies were RCTs, and three were retrospective

© 2022 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
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compared a single application of OLG to two applications of
OLG” (Table 5).

A retrospective study® examined the effect of OLG (con-
centration unknown) on the prevention of SSI in 100
patients undergoing gastrointestinal surgery, breast malig-
nancy surgery, and inguinal hernia repair. This study
reported only one case (1%) of SSI within 30 days postoper-
atively in the OLG group. However, 84% of all patients in
the study had a low-risk National Nosocomial Infections
Surveillance SSI risk index.

Obara et al.?® undertook an RCT with a large sample size
comparing 1.5% OLG with 10% PVP-I for disinfection

during adult gastrointestinal surgery. A total of 587 patients
were included; 294 and 293 patients in the 1.5% OLG and
10% PVI groups, respectively. The 30-day postoperative
SSI rate was significantly lower in the 1.5% OLG group
(7% in the 1.5% OLG group vs. 13% in the 10% PVP-I
group; adjusted risk ratio, 0.48; 90% confidence interval,
0.03-0.74; p = 0.002). Similarly, in another retrospective
study of adult gastrointestinal surgery patients,’’ the overall
SSI incidence rate was significantly lower in the 1.5% OLG
group (7.2% in the 1.5% OLG group vs. 10.0% in the 10%
PVP-I group). This study”’ did not describe the detailed sta-
tistical methods and results. A retrospective study of clean

Table 5. Effect of olanexidine gluconate (OLG) in the prevention of surgical site infection

First author, year Design Object Intervention Comparsion Efficacy
Matsumoto Retrospective Adults; surgical type:  OLG (concentration None Item: SSI incidence
et al. 20188 study gastrointestinal unknown), 100 rate at 30 days
surgery breast cases postoperatively
malignancy Result: 1% (1 case/
inguinal hernia 100 cases)
repair
OLG vs. PVP-l, OLG vs. CHG
Harihara etal.  Retrospective Adults; surgical type:  1.5% OLG (applicator), 10% PVP-I, 1,556 Item: All SSI
2020”7 study gastrointestinal 2,077 cases cases incidence rate
surgery 1% CHG, 1,514 Result: 1.5%
cases OLG < 1%
CHG < 10% PVP-I
Obara et al. RCT Adults; surgical type:  1.5% OLG, 299 cases 10% PVP-I, 298 Item: 30-day
20202 semiclean cases postoperative
gastrointestinal SSl rate
surgery Result: 1.5%
OLG < 10% PVP-I
Shiyanagi Retrospective Children; surgical 1.5% OLG (applicator), 10% PVP-1, 130 ltem: all SSI
et al. 2019°° study type: clean 164 cases cases incidence rate
surgery (inguinal Result: no
hernia, umbilical occurrence of
hernia, either OLG or
undescended PVP-|
testis, scrotal
ema)
Single application vs. double applications
Yamamoto RCT Adults; surgical type:  Single application OLG ~ Double ltem: 30-day
et al. 2020°° gastrointestinal applicator applications OLG postoperative
surgery (concentration applicator incisional SSI rate
unknown), 198 (concentration Result: no
cases unknown), 202 significant
cases difference

Note: All studies are in vivo and human studies.

Abbreviations: CHG, chlorhexidine gluconate; PVP-I, povidone-iodine; RCT, randomized controlled trial; SSI, surgical site infection.

© 2022 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of

Japanese Association for Acute Medicine



20 of 25 Y. Shinzato et al.

Acute Medicine & Surgery 2022;9:¢723

pediatric surgeries®® found no difference between the 1.5%
OLG group and the 10% PVP-I group because no postopera-
tive SSI occurred in either group.

Regarding the comparison between 1.5% OLG and 1%
CHG, a retrospective study of adult gastrointestinal surgery
patients®’ revealed that the overall SSI incidence rate was signif-
icantly lower in the 1.5% OLG group (7.2% in the 1.5% OLG
group vs. 9.8% in the 1% CHG group). However, this study”’
did not describe detailed statistical methods or results.

One RCT>® compared single and double application of
OLG (concentration unknown) for disinfection during
laparoscopic or robotic standby gastrointestinal surgery in
adults. The incident rate of all SSIs within 30 days after sur-
gery was not significantly different between the two groups,
and single application was noninferior to double application
(3.1% in the single application group vs. 2.0% in the double
application group, p = 0.537).

Prevention of CRBSA

No relevant studies were identified.

Safety

The overall incidence of adverse events in OLG was very
low, ranging from 2% to 5.8%.%¢-32¢-3759°61 Erythema, der-
matitis, and pruritus each accounted for approximately
1.0%—1.9% of adverse events.”*>*3%¢! The time of appear-
ance of skin rash was approximately 3—17 days (median,
7 days) after application®® (Table 6). The severity of the dis-
ease ranged from mild to moderate, with some cases of
spontaneous resolution and resolution after oral antihis-
tamine or topical corticosteroid use.?¢-%36-37:59761

In an RCT*® comparing 1.5% OLG and 10% PVP-I in
adult gastrointestinal surgery, there was no significant differ-
ence in the rate of all adverse events between the two groups
(2% in the 1.5% OLG group vs. 2% in the 10% PVP-I
group, p = 1.00). Although the results of the detailed statis-
tical analysis were not described, another RCT>? also
showed similar results (overall adverse event rate: 5.8% [3/
52 cases] in the 1.5% OLG group vs. 7.4% [4/54 cases] in
the 10% PVP-I group). In contrast, a retrospective study®
comparing the incidence of postoperative dermatitis between
OLG (concentration unknown) and PVP-I (concentration
unknown) revealed that OLG yielded a significantly higher
incidence (3.7% in the OLG group vs. 0.7% in the PVP-I
group, p < 0.0001).

Only one study, a phase III trial,>> compared OLG with
CHG in terms of adverse event rates. The subjects were
adults with healthy skin (abdomen and groin), and there was
no difference in the rates of skin eruption between 1.5%

OLG and 0.5% CHG (1.3% [3/237 cases] in the 1.5% OLG
group vs. 0.8% [2/236 cases] in the 0.5% CHG group).
However, the results of detailed statistical analysis were not
described in this study.>>

Ongoing clinical studies

Five ongoing clinical studies were identified. All are being
undertaken in Japan, and three are related to SSI prevention.
One study was related to disinfection at the time of blood
culture collection, and one study was related to CRBSI
(Table S3).

DISCUSSION

N THE PRESENT scoping review, we searched and sum-

marized the evidence from existing studies on OLG. The
retrieved published works were classified into 29 in vitro
studies or animal studies and 18 clinical studies. In addition
to common Gram-positive and Gram-negative bacteria,
OLG showed bactericidal activity against MRSA and VRE.
In clinical settings, although there is limited evidence on SSI
prevention, 1.5% OLG might be more effective than 10%
PVP-I and 1% CHG. However, its usefulness under other
conditions is unclear.

In vitro studies have shown that the antimicrobial spec-
trum of OLG is broad and seems to be effective against
resistant bacteria. However, its clinical usefulness remains
unclear. Olanexidine gluconate showed a broad-spectrum
bactericidal effect on both Gram-positive and Gram-
negative bacteria®! (Table 1), and the bactericidal effects
on resistant bacteria such as MRSA and VRE were char-
acteristic’' (Table 2). In emergency and intensive care,
infections such as CRBSI and SSI caused by resistant
bacteria (such as MRSA and VRE) are becoming a prob-
lem.'® " In addition, existing antiseptics such as PVP-I
and CHG are considered ineffective against these resistant
bacteria.'®™! Therefore, OLG could be a useful disinfec-
tant in emergency and intensive care settings. However,
clinical studies on OLG are limited, and its clinical use-
fulness remains unclear.

In clinical settings, the usefulness of OLG is limited to its
potential effect on SSI prevention. Moreover, the superiority
of OLG over standard skin antiseptics such as chlorhexidine
alcohol (CHG-AL) is unclear. All studies on the usefulness
of OLG in clinical settings are related to SSI. An RCT?®
comparing 1.5% OLG with 10% PVP-I revealed that the
overall SSI incidence rate was significantly lower in the
OLG group. However, the comparator antiseptic used in
this study was an aqueous formulation of PVP-I, which
is a nonalcohol-based antiseptic and is already not
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Table 6. Safety of olanexidine gluconate (OLG)

First author, Design Object Intervention Comparsion Adverse event
year
Sugai, 1999%° Not Adults; region: OLG concentration: ~ Placebo Urticaria/light urticaria/
mentioned forearm, back 0.05%, 0.1%, 24 cases phototoxic reaction:
0.2%, 0.3%, 0.4%, safety
and 0.5% Total
24 cases
Sugai, 1999%¢ Not Adults; region: 0.1% OLG None Association unknown:
mentioned back 9 cases transient elevation of
0.5% OLG white blood cells 1
9 cases case
Serum/urine OLG
unchanged
Concentration: below
the lower limit of
detection
Sugai, 1999¢7 Not Adults; region: 0.1% OLG None Local and systemic
mentioned forearm 6 cases subjective/objective
0.5% OLG 6 cases symptoms: hone
Application times: Serum/urine OLG
twice a day for unchanged
5 days concentration: below
the lower limit of
detection
Sugai, 1999%% Not Adults; region: skin  OLG concentration:  Placebo 25 cases Light Urticaria/
mentioned with artificially 0.005%, 0.01%, phototoxic/contact
inflicted 0.03%, 0.05%, sensitization/contact
incisions and 0.1% phototoxic/contact
Total 25 cases urticaria reaction:
safety
Harihara et al. RCT Adults; region: 1.5% OLG Placebo OLG
20152 abdomen, groin 237 cases 119 cases erythema: 3 cases (1.3%)
0.5% CHG Placebo
236 cases erythema: 1 case (0.8%)
CHG
erythema: 2 cases (0.8%)
Harihara et al. RCT Adults; surgical 1.5% OLG 10% PVP-| OLG
20152 type: 52 cases 54 cases All: 3 cases (5.8%)
gastrointestinal erythema:1 case (1.9%)
surgery dermatitis:1 case (1.9%)
pruritus:1 case (1.9%)
PVP-|
All: 4 cases (7.4%)
erythema: 4 cases (7.4%)
Obara et al. RCT Adults; surgical 1.5% OLG 10% PVP-I OLG
2020% type: semiclean 299 cases 298 cases All: 5 cases (2%)

gastrointestinal
surgery

erythema:4 cases (1%)
dermatitis:4 cases (1%)
pruritus:2 cases (1%)

PVP-I

All: 5 cases (2%)
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Table 6. (Continued)

First author, Design Object Intervention Comparsion Adverse event
year
erythema: 1 case (<1%)
dermatitis:2 cases (1%)
pruritus:2 cases (17%)
Shiyanagi et al. Retrospective  Children 1.5% OLG 10% PVP-I Chemical burn incidence
2019>° study rate:
Surgical type: (applicator) 164 130 cases OLG 0% vs. PVP-1 5%
Clean surgery cases (p < 0.05)
(inguinal hernia,
umbilical hernia,
undescended
testis, scrotal
edema)
Matsuoka etal.  Retrospective  Surgical type: not OLG (concentration ~ PVP-l Rash incidence rate:
20190 study mentioned unknown) (concentration OLG 3.7% vs. PVP-1 0.7%
626 cases unknown) 567 (o < 0.0001)
cases Onset: days 3-17
(median, day 7)
Harihara, Retrospective  Adults 1.5% OLG 10% PVP-| OLG
2020% study Surgical type: (applicator) 1,556 cases delayed onset dermatitis:
Gastrointestinal 2,077 cases a few cases/2,077
surgery cases
1% CHG PVP-l and CHG: not
1,514 cases mentioned
lijima et al. Case report 34 y.o. woman OLG (concentration  None Type: erythma, pruritus
2020%° Surgical type: unknown) Onset: Day 10
cesarean
section
Nagai et al. Case report 65 y.0. man OLG None Type: erythma, pruritus
2018° Surgical type: (concentration Onset: day 10
thoracoscopic unknown)

lobectomy

64 y.0. woman,
surgical type:
thoracoscopic
lobectomy

Type: erythma
Onset: day 6

Note: All studies are in vivo and human studies.
Abbreviations: CHG, chlorhexidine gluconate; PVP-I, povidone-iodine; RCT, randomized controlled trial.

recommended for use as a skin antiseptic in many coun-
tries.®* A study comparing 1.5% OLG with 1% CHG’’
also revealed that the overall SSI incidence rate was sig-
nificantly lower in the OLG group. However, the inter-
pretation of the results is limited by the fact that this
was a retrospective study, and the results of detailed sta-
tistical analyses were not described. Therefore, the clini-
cal usefulness of OLG against CHG-AL is still unclear.
In the future, more studies comparing OLG with

standard skin disinfectants and more studies on OLG for
infection prevention are needed.

We reviewed studies on the in vitro pharmacological
effects, antimicrobial spectrum, pharmacokinetics, and
in vivo efficacy and safety on normal skin, wounded
skin, and infection prevention. In the clinical setting, there
were only studies related to the prevention of SSI with
OLG,****>% and we did not identify any other studies on
the prevention of infection, including CRBSI. Catheter-
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related bloodstream infection is associated with high mor-
bidity and mortality in critically ill patients'>*%3; therefore,
high-quality clinical studies focusing on CRBSI prevention
are needed in the future. A large randomized controlled
study comparing 1.5% OLG and 1% CHG-alcohol for the
prevention of CRBSI during central venous catheter inser-
tion is currently ongoing in Japan.®*

This review does have some limitations. The studies
reviewed were all undertaken in Japan and, due to the nov-

elty of the drug, the number of studies was limited.

CONCLUSION

LANEXIDINE GLUCONATE IS a novel disinfectant

with a broad spectrum and bactericidal effect against
organisms, including MRSA and VRE, that are resistant to
existing disinfectants such as PVP-I and CHG. Olanexidine
gluconate might be more effective than PVI and CHG for
SSI prevention. However, the clinical usefulness of OLG is
unclear due to the limited number of clinical studies. In addi-
tion, clinical research is limited to studies targeting SSI pre-
vention, and there is no clinical study on CRBSI. Therefore,
further clinical studies are needed not only on the prevention
of SSI but also on the prevention of CRBSI.
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